Superficial temporal artery (STA) to middle cerebral artery (MCA) anastomosis may have inadequate effects in patients with internal carotid artery (ICA) occlusion and severe stenosis of the ipsilateral external carotid artery (ECA), because poor blood flow in the STA leads to insufficient flow to the MCA. In these patients, dilation of the stenotic ECA is required to improve the blood flow in the STA before STA-MCA anastomosis. A 71-year-old man presented with left hemiparesis and dysarthria. Magnetic resonance imaging revealed an old watershed infarction in the right cerebral hemisphere. Right carotid angiography showed right ICA occlusion and severe ipsilateral ECA stenosis. Single photon emission computed tomography (SPECT) demonstrated severe hemodynamic insufficiency in the right MCA territory. Instead of endarterectomy of the ECA, angioplasty and stenting (CAS) for ECA was performed to ensure adequate blood flow in the STA, due to the history of myocardial infarction and bifurcation of the common carotid artery at a high level (C2 level). Then STA-MCA anastomosis was performed 1 month later. Postoperative SPECT demonstrated marked improvement of hemodynamic insufficiency in the right MCA territory. After treatment, the patient had no ischemic events. This case suggests external CAS together with STA-MCA anastomosis is a good therapeutic option for a patient with symptomatic ICA occlusion and severe stenosis of the ipsilateral ECA if external CEA is difficult to perform.
Introduction
Extracranial to intracranial (EC-IC) bypass surgery was reported to be ineffective for preventing further cerebral ischemia in patients with atherosclerotic internal carotid artery (ICA) or middle cerebral artery (MCA) diseases in 1985. 3) However, further studies showed that this approach is effective in selected patients, especially in those with severe hemodynamic insufficiency. 5, 8, 9, 12, 15) The Japanese EC-IC Bypass Trial (JET Study) demonstrated the efficacy of superficial temporal artery (STA) to MCA anastomosis (STA-MCA anastomosis) for preventing new stroke in occlusive ICA and MCA diseases. 9) However, the effect of STA-MCA anastomosis may be inadequate because poor blood flow in the STA leads to insufficient flow to the MCA in patients with ICA occlusion and coexisting severe stenosis of the ipsilateral external carotid artery (ECA). In such patients, dilation of the stenotic ECA is necessary to improve blood flow in the STA before STA-MCA anastomosis. Endarterectomy of the ECA has been performed for this purpose, 6, 7, 11, 13, 14, 20) but endovascular surgery for ECA stenosis is uncommon. 1, 4, 18, 19) Here, we report a case of symptomatic ICA occlusion with severe stenosis of the ipsilateral ECA, in which cerebral perfusion was improved by treatment with carotid artery angioplasty and stenting (CAS), and STA-MCA anastomosis.
Case Report
A 71-year-old man came to our hospital emergency room because of left hemiparesis and dysarthria. His medical history included hypertension, insulin-independent diabetes mellitus, and myocardial infarction. He had undergone CAS for cerebral infarction of the left hemisphere due to left ICA stenosis, and was taking warfarin (3 mg/day) and aspirin (100 mg/day). He had also undergone percutaneous coronary intervention for coronary artery stenosis. Magnetic resonance (MR) imaging demonstrated 
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External CAS and STA-MCA Anastomosis only old watershed infarction in the right cerebral hemisphere (Fig. 1 left) . Diffusion-weighted imaging revealed no fresh lesion. MR angiography showed occlusion of the right ICA (Fig. 1 right) . He became asymptomatic rapidly after medical treatment, but transient left hemiparesis recurred frequently.
Carotid angiography showed right ICA occlusion and severe stenosis of the ipsilateral ECA ( Fig. 2A) . The right STA appeared to have poor blood flow, and collateral flow via the ophthalmic artery was not apparent (Fig. 2B) . Left carotid and right vertebral angiography demonstrated collateral blood flow via the anterior communicating artery (AcomA) and posterior communicating artery (PcomA) (Fig. 2C, D) . Collateral flow from the posterior cerebral artery was also seen via a leptomeningeal anastomosis (Fig.  2D ). Single photon emission computed tomography (SPECT) with iodine-123 N-isopropyl-p-iodoamphetamine was performed using the autoradiography method. Preoperative SPECT demonstrated low resting cerebral blood flow (CBF) in the right MCA territory (normal CBF is defined as 42.5 ml/100 g/min in our institution). SPECT after injection of acetazolamide (Diamox) also demonstrated markedly decreased regional cerebral vascular reserve (rCVR), defined as (CBF with Diamox -resting CBF)/resting CBF × 100 (%), in the region of low CBF. Resting CBF, Diamox CBF, and rCVR in the right MCA territory were 17.7 ml/100 g/min, 15.77 ml/100 g/min, and -9.9%, respectively (Fig. 3 upper row) . These findings indicated that the patient had severe hemodynamic insufficiency and convinced us of the need for surgical treatment.
We planned to perform initial stenting for the ECA stenosis to ensure sufficient blood flow in the STA, with sub- sequent STA-MCA anastomosis. Stenting was performed about 3 months after admission, due to complications of heart failure and intractable pneumonia. From 7 days before the procedure, he was given clopidogrel (75 mg/day) as well as continuing aspirin (100 mg/day). Warfarin was stopped. The activated clotting time was maintained over 300 seconds throughout the procedure by heparin intravenous injection. An 8F guiding catheter was placed in the right common carotid artery approximately 6 cm proximal (C5 level) to the stenotic segment of the right ECA. Routine diagnostic angiography showed the diameter of the ECA was 4 mm. An Angioguard XP (5.0-mm) (Cordis, Miami, Florida, USA) was positioned in the right ECA just proximal to the facial artery for distal protection. Over the Angioguard, a 3 × 40-mm balloon (Starling, Boston Scientific, Natick, Massachusetts, USA) was navigated into the right ECA and used for pre-dilation to 6 atm for 30 seconds. A 7 × 30-mm stent graft (Precise; Cordis) was positioned across the lesion and deployed carefully. Postdilation was performed with a 4 × 20-mm balloon (Amiia; Cordis) to 10 atm for 30 seconds. Bradycardia and decrease of blood pressure were not seen throughout the procedure. After post-dilation, right carotid angiography demonstrated marked reduction of ECA stenosis, and improvement of blood flow in the STA and collateral circulation to the intracranial right ICA via the right ophthalmic artery (Fig. 4) . The patient suffered no ischemic attack during the 1 month after stenting to bypass surgery. One month after stenting, STA-MCA anastomosis was performed. The frontal and parietal branches of the STA were successfully anastomosed to supra-and infra-sylvian cortical branches of the MCA.
The postoperative course was uneventful. The patency of the STA-MCA anastomosis was confirmed by threedimensional computed tomography angiography (Fig. 5) . Postoperative SPECT was performed 2 months after bypass surgery and demonstrated improvement of hemodynamic insufficiency. Resting CBF, Diamox CBF, and rCVR in the right MCA territory were 16.81 ml/100 g/min, 21.83 ml/100 g/min, and 30.9%, respectively (Fig. 3 lower   row) . Compared with preoperative SPECT, resting CBF was not significantly changed, but rCVR had markedly improved. Moreover, improvement of cerebral perfusion was also seen in the contralateral hemisphere. After treatment, the patient has taken clopidogrel (75 mg/day) and aspirin (100 mg/day), and has had no ischemic events for 11 months.
Discussion
Collateral blood flow from the ECA and via the AcomA and PcomA is very important in patients presenting with ICA occlusion. 16, 17) Therefore, external carotid endarterectomy (CEA) is frequently performed for symptomatic patients with both ICA occlusion and severe ECA stenosis. 6, 7, 11, 13, 14, 20) External CEA for progressive ECA stenosis improved hemodynamic insufficiency and symptoms in a patient who had undergone STA-MCA anastomosis for ipsilateral ICA occlusion. 2) Therefore, STA-MCA anastomosis can be chosen as a therapeutic option for patients in whom collateral flow from the ECA improves insufficiently and hemodynamic insufficiency remains even after external CEA. Recently, external CEA with STA-MCA anastomosis was effective for 7 patients with symptomatic ICA occlusion and advanced (À70%) ECA stenosis. 10) On the other hand, reports of endovascular surgery for ECA stenosis are scarce. Good dilation of the ECA was obtained using percutaneous transluminal angioplasty for ECA stenosis, 18) and stenting was performed for ECA stenosis. 1, 4) Recently, external CAS for patients with symptomatic ICA occlusion has been an effective strategy to preserve neurological function and to relieve ischemic symptoms with new development of compensated flow and/or increased rCVR. 19) In our patient, preoperative SPECT demonstrated low resting CBF and marked decrease of rCVR in the right MCA territory, and the patient suffered repeated transient ischemic attacks. Therefore, we concluded that he had severe hemodynamic insufficiency and needed aggressive reconstruction of cerebral perfusion. Endarterectomy seemed to have a higher risk of complication in our patient because of the history of myocardial infarction and bifur-Neurol Med Chir (Tokyo) 52, December, 2012
External CAS and STA-MCA Anastomosis cation of the common carotid artery at a high level (C2 level). For these reasons, we chose stenting over endarterectomy. After the operation, ECA stenosis was improved, and blood flow in the STA appeared to have increased sufficiently to supply adequate blood flow to the MCA after STA-MCA anastomosis. Postoperative SPECT demonstrated the combination therapy of external CAS and STA-MCA anastomosis had successfully increased rCVR (from -9.9% to 30.9%) and improved hemodynamic insufficiency in the right MCA territory. Therefore, this case suggests that such combination therapy is a good option for patients with symptomatic ICA occlusion and severe stenosis of the ipsilateral ECA if external CEA is difficult to perform.
